
REPORT DOCUMENTATION PAGE
Form Approved

                           OMB NO. 0704-0188

Public Reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering
and maintaining the data needed, and completing and reviewing the collection of information.  Send comment regarding this burden estimates or any other aspect of this collection of
information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway, Suite
1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188,) Washington, DC 20503.
1. AGENCY USE ONLY ( Leave Blank) 2.  REPORT DATE           10/31/2002 3.  REPORT TYPE AND DATES COVERED

Final  4/1/1999 - 3/31/2002

4.  TITLE AND SUBTITLE
Stochastic Control of Ad Hoc Communication Networks
     

5.  FUNDING NUMBERS
DAAD19-99-1-0148
     

6.  AUTHOR(S)
Wayne E. Stark and Kimberly Wasserman
     

     
     
     

7.  PERFORMING ORGANIZATION NAME(S) AND  ADDRESS(ES)
University of Michigan   
EECS, 1301 Beal Avenue
Ann Arbor, MI  48109-2122

8.  PERFORMING ORGANIZATION
     REPORT NUMBER      
       
          

9.  SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

    U. S. Army Research Office  Attn:  AMSRL-RO-DS (technical reports)
    P.O. Box 12211
    Research Triangle Park, NC 27709-2211

10.  SPONSORING / MONITORING
       AGENCY REPORT NUMBER
     
     
     
     
     

11.  SUPPLEMENTARY NOTES
      The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision, unless so designated by other documentation.

12 a.  DISTRIBUTION / AVAILABILITY STATEMENT

          Approved for public release;  distribution unlimited.

12 b.  DISTRIBUTION CODE
     
     
                    

13.  ABSTRACT (Maximum 200 words)
                                                                                                                                                                                                                                                                            

    The proposed research had two main purposes.  The first was to develop simple, adaptive, and distributed energy control
(transmission power and transmission rate control) algorithms that (i) control the topology of wireless ad hoc communication networks,
subject to traffic with diverse bandwidth and end-to-end quality of service requirements, in a spectrally and energy efficient manner; (ii)
control multiple access interference and adapt to time-varying propagation losses; and (iii) combine with transmission scheduling,
media access control, and multi-hop routing.  The second is to design simple, efficient, and robust mechanisms to improve the
performance of Transmission Control Protocol (TCP) in mixed wired/wireless communication and ad-hoc networks.  The basic
approach is to study how the soon-to-be-standardized Selective Acknowledgement feature of TCP, together with knowledge of the
statistical behavior of wireless links, can be used to decouple the error recovery and flow control functions of TCP by distinguishing
between congestion and non-congestion related packet loss.

     
     
     
     
     
     
      
     

     
14.  SUBJECT TERMS
      Communication, Signal processing, Networks, TCP, Transmission power, Transmission rate
control

     

15.  NUMBER OF PAGES
                      

  2

     
       

16.  PRICE CODE
     
       

17.  SECURITY CLASSIFICATION
       OR REPORT

UNCLASSIFIED

18. SECURITY CLASSIFICATION
       ON THIS PAGE

UNCLASSIFIED

19.  SECURITY  CLASSIFICATION
       OF ABSTRACT

UNCLASSIFIED

20.  LIMITATION OF  ABSTRACT

UL
NSN 7540-01-280-5500 Standard Form 298 (Rev.2-89)

Prescribed by ANSI Std. 239-18
                                            298-102



The research results are summarized below:

The next generations of wireless personal communication systems are expected to serve the high bandwidth
demands of new multimedia applications. In our work, the current standards: IS-95, CDMA2000 1x-EV and
UMTS were analyzed and the need for more spectrum efficient methods in order to service multiple high-rate
connections within a cell site at the same time was addressed from a systems level.

The search for a better algorithm for packet scheduling and power allocation, i.e. the allocation of resources in
the uplink (from wireless station to base-station) lead to the introduction of a novel scheme with better spectrum
efficiency compared to regular CDMA networks with perfect power control algorithms.

A similar scheduling and power allocation algorithm was also developed for the downlink (from base-station to
the wireless station). Both the algorithm for downlink and uplink were simulated and compared with regular
CDMA schemes in Mathematica environment with realistic channel models. The total throughput of a cell site
with the suggested algorithm outperformed regular CDMA both in uplink and downlink. The performances
were measured for various cell conditions with various channel conditions, channel models, cell-sizes and
maximum allowable power levels.

To further understand the behavior of the suggested scheme, the patterns that emerged as a result of various
interference levels were analyzed. Besides throughput, the average power consumption within a cell site is a
major concern since it introduces inter-cell interference to neighboring cells and therefore degrades the total
network performance. The total power consumption of the suggested scheme is calculated through analytical
methods and later simulated in Mathemetica to support the analytical results. Compared to regular CDMA, the
suggested scheme used less power or the same power level depending on the inter-cell interference level, intra-
cell interference level, thermal noise and channel conditions.

In our earlier analysis we let single connections have as high rates as necessary to maximize the total throughput
within the cell. Although the QoS (Quality of Service) requirements were part of the constraint set, we
neglected some jitter requirements that are inherent in practical networks (such as voice data can only have
around 100msec of jitter in order to avoid human ear to notice any delays). In order to be able to apply the
suggested scheme to networks in practice, the theoretical optimum algorithm was modified in order to include
only the allowed rates from the rate set of CDMA2000 1x-EV, the maximum power levels allowed were also
modified accordingly. The modified scheme, which has the added benefit of satisfying the jitter requirements
were then analyzed and compared with regular CDMA. The performance gains measured were reduced
compared to the theoretical optimum as expected but the suggested scheme still outperformed regular CDMA
by a significant amount.
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